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in Academy Netball Players
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Purpose: To investigate the relationships between maximal isometric strength, vertical jump (VJ), sprint speed, and change-
of-direction speed (CoDS) in academy netball players and determine whether players who have high performance in isometric 
strength testing would demonstrate superior performance in VJ, sprint speed, and CoDS measures. Method: Twenty-six young 
female netball players (age 16.1 ± 1.2 y, height 173.9 ± 5.7 cm, body mass 66.0 ± 7.2 kg) from a regional netball academy 
performed isometric midthigh pull (IMTP), squat jumps (SJs), countermovement jumps (CMJs), 10-m sprints, and CoDS (505). 
Results: IMTP measures displayed moderate to strong correlations with sprint and CoDS performance (r = –.41 to –.66). The 
VJs, which included SJs and CMJs, demonstrated strong correlations with 10-m sprint times (r = –.60 to –.65; P < .01) and 
CoDS (r = –.60 to –.71; P = .01). Stronger players displayed significantly faster sprint (ES = 1.1–1.2) and CoDS times (ES = 
1.2–1.7) and greater VJ height (ES = 0.9–1.0) than weaker players. Conclusion: The results of this study illustrate the importance 
of developing high levels of lower-body strength to enhance VJ, sprint, and CoDS performance in youth netball players, with 
stronger athletes demonstrating superior VJ, sprint, and CoDS performances.
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mance. However, it should be noted that CMJ and SJ are not direct 
measures of lower-body power; rather, jump height is a measurable 
result of lower-body power production that is highly applicable to 
performance in many sports and serves as a practical, cost-effective 
field assessment for sport scientists and practitioners. Previous 
research shows significant associations between CMJ and SJ and 
sprint performance.14 Likewise, Peterson et al15 found CMJ height 
derived from a jump-and-reach apparatus to significantly correlate (r 
= –.71) with CoDS in first-year female college athletes. Furthermore, 
CMJ height has shown significant and inverse moderate to strong 
relationships (r = –.39 to –.59) with 505 CoDS in university students 
when calculated from flight time using jump mats.16 Thus, assess-
ing VJ performance may be of particular interest to prescribe and 
monitor the training of athletes to create an accurate player profile.
The aim of this study was to determine the relationships 
between maximal isometric strength, VJ, sprint, and CoDS in 
academy netball players. In addition, observations were made to 
discover whether players who have high performance in IMTP 
would demonstrate superior performance in VJ, sprint, and CoDS 
measures. We hypothesized that relationships between maximal 
isometric strength and VJ, sprint, and CoDS would be similar to 
those previously identified.2,3 Furthermore, we hypothesized that 
relatively stronger players would perform better in VJ, sprint, and 
CoDS measures than weaker players.
Methods
Subjects
Young female netball players (N = 26; age 16.1 ± 1.2 y, height 173.9 
± 5.7 cm, body mass 66.0 ± 7.2 kg) participated in this study. All 
provided written informed consent, with consent from the parent or 
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Previous literature indicates that isometric measures of maxi-
mum strength have strong correlations with dynamic exercise vari-
ables in adult athletes.1–4 However, there is very limited research 
in the area of maximum strength, vertical jump (VJ), sprint, and 
change-of-direction speed (CoDS) in youth netball athletes.2 Several 
of the characteristics associated with maximum isometric strength 
(peak force [PF] and rate of force development) have been reported 
to relate to athletic performance tasks such as VJ,5 CoDS,6 and 
sprinting.4 The isometric midthigh pull (IMTP) is commonly used to 
test maximum force-production capabilities in a range of athletes.2–4 
The IMTP translates to a variety of sports, is easy to replicate, 
and is a time-efficient method of maximum-strength assessment. 
Furthermore, the isometric testing may induce less neuromuscular 
fatigue than dynamic 1-repetition-maximum testing.7 Therefore, 
the IMTP may be used to assess talent identification and athlete 
preparedness, monitor the effectiveness of training interventions, 
and compare athletes’ isometric-force capabilities against their 
dynamic-force capability.8
Activity profiles of international netball suggest that all players 
are constantly performing high-intensity movement patterns (shuf-
fling, running, sprinting, jumping),9 requiring near-maximum levels 
of muscle strength and power production.10 This may be explained 
by the fact that peak ground-reaction forces and impulse are strong 
determinants of VJ, sprint, and CoDS performance.3,11 Also, train-
ing-induced increases in measures of maximum strength have been 
shown to result in improved VJ, sprint, and CoDS performance.12,13
The countermovement jump (CMJ) and squat jump (SJ) are 
commonly used VJ field tests to assess lower-body explosive perfor-
guardian of all players under the age of 18. The study procedures 
were approved by the university ethics committee, and procedures 
conformed to the Declaration of Helsinki.
Design
A cross-sectional design was used to investigate the relationships 
between isometric strength (IMTP PF), VJ (SJ and CMJ height), 
sprint speed (5 and 10 m), and CoDS (505) in academy netball 
players. Moreover, comparisons of the strongest and weakest ath-
letes were performed to assist in confirming the primary findings 
of the study.
Procedures
Testing was conducted in the preseason, during which time all 
participants were training with sessions comprising all the elements 
of performance, including 4 or 5 netball-specific training sessions, 
plus 2 resistance-training sessions each week. At the time of test-
ing, participants were at the end of a 4-week general-preparation 
mesocycle.
Participants attended testing on 2 separate occasions, at the 
same time of day, to undertake IMTP testing on day 1, with VJ, 
sprint, and CoDS performance measures completed on day 2, sepa-
rated by 48 to 72 hours. On arrival, all participants had their height 
(Stadiometer; Seca, Birmingham, UK) and body mass assessed 
(Seca Digital Scales, Model 707) while in bare feet, measured to 
the nearest 0.1 kg and 0.1 cm, respectively. All athletes rested the 
day before testing and were asked to attend testing in a fed and 
hydrated state, similar to their normal practices before training. 
Before the start of testing, athletes were instructed to perform a 
standardized warm-up, as directed by the investigator. Furthermore, 
standardized progressive warm-ups were applied before all tests to 
control potential variables and improve the reliability of all tests.
Isometric Midthigh-Pull Testing
IMTP was performed using a portable force platform sampling at 
600 Hz (400 Series Performance Force Plate; Fitness Technology). 
The force platform was interfaced with computer software (BMS) 
that allows for direct measurement of force–time characteristics that 
were then analyzed using the BMS software. For the IMTP, athletes 
obtained self-selected knee and hip angles based on the reports of 
previous research.17 For this test, an immovable, collarless steel bar 
was positioned at midthigh, just below the crease of the hip, using 
a portable IMTP rig (Fitness Technology, Adelaide, Australia). The 
bar height could be adjusted (3-cm increments) at various heights 
above the force platform to accommodate different-size athletes. 
Once the bar height was established, the athlete stood on the force 
platform and her hands were strapped to the bar in accordance with 
previously established methods.18 Each athlete was provided 2 
warm-up pulls, 1 at 50% and 1 at 75% of her perceived maximum 
effort, separated by 1 minute of rest. Once body position was stabi-
lized (verified by watching the subject and force trace), the subject 
was given a countdown of “3, 2, 1, pull.” Minimal pre-tension was 
allowed to ensure that there was no slack in the subject’s body before 
initiation of the pull. Athletes performed 3 maximal IMTPs, with the 
instruction to pull against the bar with maximal effort as quickly as 
possible and push the feet down into the force platform; this instruc-
tion has been previously found to produce optimal testing results.18 
Each maximal isometric trial was performed for 5 seconds, and all 
athletes were given strong verbal encouragement during each trial. 
Two minutes of rest were given between the maximal-effort pulls. 
The maximum force recorded from the force–time curve during the 
5-second IMTP trial was reported as the PF and was presented as
a value relative to body mass (N/kg). The best performance from
each of the 3 trials was used for further analysis.
VJ Testing
VJ-height data were collected using a portable jump mat (Just Jump; 
Probiotics, Huntsville, AL, USA). The athletes were familiar with 
all jumps and explosive exercise, permitting the use of warm-up 
sets for familiarization with the equipment to ensure reliable jump 
performances. VJ tests began with the SJ condition. On stepping 
onto the jump mat, athletes were instructed to get in the “ready posi-
tion,” which consisted of the subject having her hands on hips and 
assuming a self-selected squat depth. Once in position, a countdown 
of “3, 2, 1 jump” was given. A 3-second hold of the bottom position 
was used to eliminate the involvement of the stretch-shortening 
cycle. If players failed to adhere to the strict protocol and either 
performed a countermovement or moved their hands off their hips, 
the trial was repeated after an additional 1-minute rest. Athletes 
performed 3 trials with 1 minute of rest between trials. On comple-
tion of the SJ trials, athletes were provided with a rest period of 3 
minutes before performing the CMJ trials. For the CMJ, athletes 
were instructed to perform a rapid eccentric phase, immediately 
followed by a rapid concentric phase with the intention to jump as 
high as possible. CMJs were performed with the hands on the hips, 
and countermovement depth of the eccentric phase was self-selected 
by the athletes to maximize CMJ height. Athletes performed 3 trials, 
with 1 minute of rest between trials. Alternate jump height was 
calculated from flight time (1/8 [g × t2], where g = the acceleration 
due to gravity and t = air time) and subsequently corrected with 
the following equation: jump height = (0.8747 × alternative jump 
height) – 0.0666.19 The best performance from each of the 3 trials 
was used for further analysis.
Sprint and CoDS Testing
The 10-m-sprint test was administered as a test of acceleration and 
sprint ability. All athletes performed 3 trials, with 2 minutes rest 
between trials, using Brower photocell timing gates (model number 
BRO001; Brower, Draper, UT, USA) set up at 0, 5, and 10 m. Timing 
gates were placed at the approximate hip height for all athletes, 
to ensure that only 1 body part, such as the lower torso, broke the 
beam. Athletes started 0.5 m behind the first gate to prevent any 
early triggering of the initial start gate, from a 2-point staggered 
start. The best performance from each of the 3 trials was used for 
further analysis.
CoDS was assessed with a 505 test. All athletes performed 
3 trials on each leg, in a randomized order, with 2-minute rests 
between trials. Athletes started 0.5 m behind the photocell gates to 
prevent any early triggering of the initial start gate, from a 2-point 
staggered start. Timing gates were again placed at the approximate 
hip height for all athletes. Athletes were instructed to sprint to a line 
marked 15 m from the start line, place either left or right foot on the 
line, depending on the trial, turn 180°, and sprint back 5 m through 
the finish. If the subject changed direction before hitting the turning 
line or turned off the incorrect foot, the trial was disregarded and 
the subject completed another trial after the rest period. The best 
performance from each of the 3 trials was used for further analysis.
Statistical Analyses
Data are presented as either mean ± SD or mean with 90% confi-
dence intervals (90% CI) where specified. Within-session reliability 
of dependent variables was examined using the intraclass correlation 
coefficient (ICC) and typical error of measurement (TE) expressed 
as a coefficient of variation (CV). ICC, TE, and CV were calculated 
through an available online spreadsheet.20 To assess the magnitude of 
the ICC, the threshold values were .1, .3, .5, .7, .9, and 1.0 for low, 
moderate, high, very high, nearly perfect, and perfect, respectively.21 
Normality of data was assessed by Shapiro–Wilk statistic and Q-Q 
plot analysis. Relationships between variables were determined 
using Pearson product–moment correlation with SPSS software 
(version 17.0; SPSS, Inc). Correlations were Bonferroni corrected 
due to multiple correlations, to reduce the risk of a type 1 error.22 
Correlations were evaluated as follows: small (.10 – .29), moderate 
(.30 – .49), large (.50 – .69), very large (.70 – .89), nearly perfect (.90 
– .99), and perfect (1.0).23 The criterion for statistical significance
of the correlation was set at P ≤ .05. Additional analysis included
comparisons of the strongest to the weakest athletes with respect
to IMTP PF (N/kg) only. This additional analysis was performed
to assist in confirming the primary findings of the study. Based on
IMTP PF, athletes were grouped into the strongest group (SG; n =
13) and weakest group (WG; n = 13). Independent-samples t tests
were performed to determine differences in VJ, sprint, and CoDS
performances between SG and WG. The criterion for statistical sig-
nificance was set at P ≤ .05. The magnitude of differences between
SG and WG mean values was also expressed as standardized mean
difference (Cohen effect sizes [ES]).24 Effect sizes were classified as 
trivial (≤0.19), small (0.20 to 0.59), moderate (0.60 to 1.19), large
(1.20 to 1.99), and very large (2.0 to 4.0).23
Results
Resulting ICCs demonstrated nearly perfect within-session reli-
ability (r ≥ .91; CV = 3.5–5.3%) for all IMTP and VJ variables, 
whereas sprint and CoDS performances showed very high levels of 
reliability (r = .74–.82; CV = 2.1–2.9%) (Table 1).
Pearson correlations demonstrated moderate to strong inverse 
correlations (r = –.48 to –.66) between IMTP PF and CoDS (Table 
2) times. In addition, 10-m-sprint time showed strong correlations
with 505 CoDS (r = –.53 to –.58), whereas 5-m-sprint time demon-
strated no correlation to 505 CoDS (r = .25–.30). SJ height showed
very large correlations with 505 CoDS (–.70 to –.71), whereas CMJ 
height demonstrated large to very large correlations with 505 CoDS 
(–.60 to –.71).
Our data show that IMTP PF was significantly correlated to 
5-m-sprint times (r = –.49; P = .05) but not 10-m-sprint times (r
= –.41; P > .05) (Table 3). In addition, SJ and CMJ height dem-
onstrated large inverse relationships with 10-m-sprint times (r =
–.60 to –.65; P = .01), whereas no significant relationships were
found between SJ and CMJ height, and 5-m-sprint times (r = –.13
to –.15; P > .05).
Differences between SG and WG athletes’ mean values are 
presented in Table 4. There was no significant difference in body 
mass between SG and WG athletes (SG 65.54 ± 6.90 kg; WG 66.54 
± 7.82; P = .73; ES = 0.1). As expected, the SG had a higher PF 
(34.86 ± 4.02 N/kg) than the WG (26.54 ± 1.98 N/kg) in the IMTP 
(P = .01; ES = 2.6). In regard to SJ height, there were significant 
differences observed between the SG (0.41 ± 0.06) and the WG (0.36 
± 0.04; P = .03; ES = 0.9). Likewise, the SG produced significantly 
greater CMJ heights than the WG (SG 0.42 ± 0.06; WG 0.37 ± 0.04; 
P = .02; ES = 1.0). Stronger athletes demonstrated significantly 
lower sprint times in 5- (P = .01; ES = 1.1), and 10-m (P = .01; 
ES = 1.2) than WG. The SG also demonstrated significantly lower 
CoDS times during 505 L (P = .01; ES = 1.2) and 505 R (P = .01; 
ES = 1.7) than the WG.
Discussion
The aims of this study were to determine the relationships between 
maximal isometric strength, VJ, sprint, and CoDS in academy 
netball players and to discover whether players who have high 
performance in isometric strength testing would demonstrate supe-
rior performance in VJ, sprint, and CoDS measures. The primary 
findings are that relative isometric strength and VJ performance 
have moderate to very large associations with sprint and CoDS 
and stronger players were able to produce significantly faster 
sprint and CoDS times and greater VJ heights than weaker players. 
These findings suggest that relative isometric strength could be a 
fundamentally important mechanism underpinning VJ, sprint, and 
CoDS performance.
In this study, IMTP PF demonstrated significant inverse cor-
relations to 505 R times (r = –.66; P = .01). Similarly, Spiteri et al2 
recently reported strong correlations (r = –.79) between IMTP PF 
and 505 CoDS in elite female basketball athletes. In line with previ-
Table 1 Descriptive Statistics and Reliability for IMTP, Vertical-Jump, Sprint, 
and CoDS Variables
Reliability variable Mean ± SD ICC (90% CI) TE (90% CI) CV% (90% CI)
IMTP peak force (N/kg) 30.70 ± 5.26 .91 (.85–.95) 1.55 (1.31–1.91) 5.3 (4.5–6.6)
Squat jump (m) 0.39 ± 0.06 .95 (.92–.97) 1.26 (1.07–1.55) 3.5 (2.9–4.3)
Countermovement jump (m) 0.39 ± 0.05 .94 (.89–.97) 1.24 (1.05–1.53) 3.5 (2.9–4.3)
Sprint and CoDS
5 m (s) 1.10 ± 0.06 .79 (.63–.90) 0.05 (0.04–0.06) 2.9 (2.4–3.8)
10 m (s) 1.88 ± 0.09 .74 (.59–.85) 0.04 (0.04–0.05) 2.2 (1.8–2.7)
505 left (s) 2.40 ± 0.12 .82 (.63–.92) 0.06 (0.05–0.08) 2.5 (2.0–3.5)
505 right (s) 2.37 ± 0.10 .77 (.59–.87) 0.05 (0.04–0.07) 2.1 (1.7–2.8)
Abbreviations: IMTP, isometric midthigh pull; CoDS, change-of-direction speed; ICC, intraclass correlation coefficient; CI, 
confidence interval; TE, typical error; CV, coefficient of variation.
ous research,2,3,11 the results of this study illustrate the association of 
high levels of strength with enhanced CoDS performance in youth 
netball players, with relatively stronger players demonstrating faster 
CoDS times than weaker players (Table 4). Furthermore, it has also 
been reported that traditional, eccentric, and plyometric resistance-
training modalities result in large CoDS improvements, potentially 
due to the eccentric-concentric coupling action during the contact 
phase of CoDS tasks.6,25 It should be noted that the biomechanical 
demands of CoDS are dependent on angle26,27 and entry velocity28; 
therefore our findings are only applicable to a high-velocity 180°-
turn task. Taking these results together, these findings suggest that 
the ability to change direction quickly highly depends on an athlete’s 
ability to absorb and produce high levels of force rapidly.
The findings of this study demonstrate the importance of rela-
tive strength measures in relation to 5-m-sprint performance in youth 
netball players. Similarly, McBride et al29 demonstrated a significant 
relationship (r = –.54; P = .02) between relative strength measured in 
the back squat and sprint performance (10 yards [~9 m]) in college 
football players with a high relative strength (≥2.1 kg/kg) compared 
with college football players with a lower relative strength (<1.9 
kg/kg). These results are likely attributable to sprinting’s requiring 
high levels of acceleration and strength to overcome the inertia of 
the body mass. Furthermore, faster sprint performers are shown 
to apply greater ground-reaction forces during shorter ground-
contact times.30 These results seem to be consistent with research 
by Comfort et al31 that found that increases in relative strength were 
accompanied by improvements in sprint performance, with similar 
findings also reported in youth soccer players.12,32 It can thus be 
suggested that maximal strength and speed development should 
be emphasized as part of a periodized training program, ensuring 
appropriate development of each component dependent on the 
athletes’ specific needs. Furthermore, given the strong relationship 
between IMTP PF and maximal dynamic strength,1 it is advocated 
that dynamic strength training be performed to train different 
strength and power capacities, whereas the IMTP can be used as a 
potential alternative to traditional 1-repetition-maximum testing.
This study highlights strong relationships between VJ and 
sprint performance that were similar to those previously reported in 
male adult athletes.33 VJ height showed a stronger relationship with 
10-m-sprint performance (r = –.60 to –.65) than with 5-m-sprint
performance (r = –.13 to –.15). In contrast to our findings, Nimphius
et al34 failed to find a significant relationship between VJ height and 
sprint performance in female softball players. Possible reasons for
different findings may be the differing requirements of the sports
or the smaller sample size. For example, VJ performance is not as
essential for softball-skills practice or performance, whereas jump-
ing is a more common aspect of netball performance and training.
In addition, as VJ performance has been found to be a reliable
predictor of success in several sports, netball athletes are probably
more homogeneous in VJ performance, which may explain the
stronger correlation. Finally, although jump mats provide a valid
measurement of jump height,35 the use of the flight-time method
may overestimate jump height compared with the velocity-at-takeoff 
method derived from force platforms.36 However, jump mats can
provide practical data that can positively affect training and per-
formance. Therefore, it is suggested that readers take into account
the method used to calculate jump height and the reported values
when interpreting the findings of the current study.
Table 2 Correlations Between IMTP, Vertical-Jump, 
Sprint, and CoDS Variables
505 L (s) 505 R (s)
IMTP peak force (N/kg) –.48 –.66**
Squat jump (m) –.71** –.70**
Countermovement jump (m) –.71** –.60**
5 m (s) .25 .30
10 m (s) .53* .58*
Abbreviations: IMTP, isometric midthigh pull; CoDS, change-of-direction speed; 
L, left leg; R, right leg.
*P ≤ .05. **P ≤ .01.
Table 3 Correlations Between Isometric Midthigh-Pull, 
Vertical-Jump, and Sprint Variables
5 m (s) 10 m (s)
Isometric midthigh-pull peak force (N/kg) –.49* –.41
Squat jump (m) –.15 –.60**
Countermovement jump (m) –.13 –.65**
*P ≤ .05. **P ≤ .01.
Table 4 Comparison Between Stronger and Weaker Athletes in IMTP, Vertical Jump, Sprint, 
and Change-of-Direction Speed
Strong (n = 13), mean ± SD Weak (n = 13) , mean ± SD P ES Difference
Body mass (kg) 65.54 ± 6.90 66.54 ± 7.82 .732 0.1 –1.5%
IMTP peak force (N/kg) 34.86 ± 4.02 26.54 ± 1.98 .001 2.6 23.9%
Squat jump (m) 0.41 ± 0.06 0.36 ± 0.04 .032 0.9 11.4%
Countermovement jump (m) 0.42 ± 0.05 0.37 ± 0.04 .024 1.0 10.3%
Sprint and change-of-direction speed
5 m (s) 1.08 ± 0.06 1.15 ± 0.05 .010 1.1 –6.0%
10 m (s) 1.91 ± 0.06 1.99 ± 0.06 .006 1.2 –3.7%
505 left (s) 2.44 ± 0.08 2.55 ± 0.11 .007 1.2 –4.5%
505 right (s) 2.41 ± 0.08 2.54 ± 0.07 .001 1.7 –5.2%
Abbreviations: IMTP, isometric midthigh pull; ES, effect size.
Our findings revealed large to very large associations (r = –.60 
to –.71) between VJ height and 505 CoDS performance, suggesting 
both slow and fast reactive strength to be highly related to CoDS. 
Previous research demonstrates contact times of final turns during 
CoDS to be approximately >0.4 second, whereas movement times 
during CMJ are approximately 0.5 second37 and thus may be more 
likened to CoDS contact times. In addition, the observed findings 
may be due to the specific CoDS tests used in the research studies. 
Previous research demonstrates similar relationships between VJ 
and CoDS when using a single change in direction.16,33 In addition, 
the 505 test may be heavily influenced by linear-sprinting ability 
during the 15-m approach, rather than change-of-direction ability, 
given the significant relationships between 10-m-sprint performance 
and CoDS found in the current study (r = –.53 to –.58).
Although the SG and WG did not differ in terms of body mass, 
the SG had superior lower-body maximal isometric strength (P = 
.01; ES = 2.6). Increased relative strength would be advantageous 
in a sport such as netball, where VJ, sprinting, and CoDS involve 
high levels of force production and absorption to overcome the 
inertia of body mass. These results support the association between 
maximal strength and dynamic performance given the significant 
differences between the SG and WG in VJ (ES = 0.9–1.0), sprint (ES 
= 1.1–1.2), and CoDS (ES = 1.2–1.7). These findings suggest that 
maximum strength is an important aspect of physical preparation 
for netball players. It could be speculated that traditional strength 
exercises (squats, dead lifts, and Olympic lifts) have an important 
role to play in the physical preparation of netball players; however, 
this is not a common training practice of the majority of youth 
netball players. Despite the promising results of resistance training 
in youth athletes,12,13,32 further longitudinal studies are needed to 
confirm this present assumption.
Practical Applications
The results of this study illustrate the importance of developing 
high levels of lower-body strength to enhance VJ, sprint, and CoDS 
performance in youth netball players. Furthermore, stronger athletes 
demonstrated superior VJ, sprint, and CoDS performances. Team 
coaches and strength and conditioning coaches should ensure that 
youth netball players develop maximal strength in a periodized 
manner, which should result in improvements in VJ, sprint, and 
CoDS performance. Specifically, training programs aimed toward 
the enhancement of maximal concentric and eccentric strength 
may potentially enhance the performance of dynamic movements 
involving high levels of force production and absorption.
Conclusions
In conclusion, the current study found that the group with greater 
IMTP PF also had superior VJ, sprint, and CoDS performance. There 
were significant correlations between the IMTP PF and sprint and 
CoDS performance. Furthermore, CoDS was found to be related 
to the jump heights of both SJ and CMJ.
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